Large-Angle Deuteron Elastic Scattering by Stephenson, E.J. et al.
LARGE-ANGLE DEUTERON ELASTIC SCATTERING 
E.J. Stephenson, J . C .  C o l l i n s ,  C.C.  F o s t e r ,  D.L. F r i e s e l ,  W.W. J acobs ,  
W.P. Jones ,  S .  K a i l a s ,  M. Kaitchuck, and P .  Schwandt 
Indiana University Cyclotron Faci l i ty ,  Bloomington, Indiana 47405 
D.A. Goldberg 
University o f  Maryland, Col Zege Park, Maryland 20742 
I n v e s t i g a t i o n s  of deu te ron  e l a s t i c  s c a t t e r i n g  be- The i n c r e a s e  i n  s i z e  of t h e  v e c t o r  ana lyz ing  power 
low 50 MeV have g iven  d i f f r a c t i v e  c r o s s  s e c t i o n  angu- a t  l a r g e  a n g l e s  i s  a  r e s u l t  of s c a t t e r i n g  from t h e  
l a r  d i s t r i b u t i o n s  and ana lyz ing  powers t h a t  o s c i l l a t e  r e a l  p a r t  of t h e  o p t i c a l  p o t e n t i a l .  As t h e  bombarding 
about  ze ro .  Recent measurements above 50 MeV show energy i n c r e a s e s ,  t h e  s p i n - o r b i t  p o t e n t i a l  makes a  
v e c t o r  ana lyz ing  power angula r  d i s t r i b u t i o n s  t h a t  r i s e  more s i g n i f i c a n t  a l t e r a t i o n  of t h e  r e a l  c e n t r a l  
a t  l a r g e  a n g l e s  t o  v a l u e s  near  This  f e a t u r e  p o t e n t i a l  n e a r  t h e  n u c l e a r  s u r f a c e .  The p o t e n t i a l s  
i s  a s s o c i a t e d  w i t h  a  marked dampening of t h e  d i f f r a c -  a p p r o p r i a t e  t o  t h e  t h r e e  p r o j e c t i o n s  of t h e  d e u t e r o n ' s  
t i v e  o s c i l l a t i o n s  i n  bo th  c r o s s  s e c t i o n  and ana lyz ing  s p i n  a long  t h e  o r b i t a l  angula r  momentum a x i s  a r e  shown 
power. The change i n  t h e  average v e c t o r  ana lyz ing  power i n  Fig.  l a .  The d e f l e c t i o n  f u n c t i o n 6  ( o r  s c a t t e r i n g  
from zero  t o  n e a r l y  one s i g n a l s  a  change i n  t h e  dominant ang le )  f o r  each s p i n  p r o j e c t i o n  is shown i n  Fig.  l b  
mechanism f o r  deu te ron  e l a s t i c  s c a t t e r i n g .  An under- a s  a  f u n c t i o n  of impact parameter .  The l a r g e s t  nega- 
s t a n d i n g  of t h i s  e f f e c t  i n  s imple  s e m i - c l a s s i c a l  terms t i v e  d e f l e c t i o n  i s  f o r  m = l  deu te rons ,  t h u s  back-angle 
h a s  motivated a  d e t a i l e d  experimental  i n v e s t i g a t i o n  of s c a t t e r i n g  is dominated by t h i s  s i n g l e  p r o j e c t i o n  of 
l a rge-angle  due te ron  e l a s t i c  s c a t t e r i n g .  t h e  s p i n .  Beyond t h i s  maximum a n g l e ,  t h e  c r o s s  s e c t i o n  
E ' i ~ r e  i. la)  Swn o f  real spin-orbit  potentials for 80 MeV deuterons sccttering from 58~ i .  The three curves 
( so l id ,  dot, dash) correspond t o  the three projections o f  the deuteron spin (m=I,O,-I) along the orbi tal  angular 
momentum axis.  The potentials are from Ref. 8,  and G-17. (b)  Deflection function plotted against impact para- 
meter for each of the three real central potentials.  
f a l l s  smoothly, a  phenomena d iscussed  prev ious ly  f o r  
a - p a r t i c l e  s c a t t e r i n g .  6  
The dominance of back-angle e l a s t i c  s c a t t e r i n g  
by a  s i n g l e  s p i n  p r o j e c t i o n  is borne ou t  i n  o p t i c a l  
model c a l c u l a t i o n s ,  shown i n  Fig.  2. The t h r e e  
Figure 2. PartiaZ cross sections for 80 MeV deuterons 
scattering from 58~i .  The three curves are defined i n  
Fig. 1. The Zower graph shows the vector and tensor 
analyzing powers, 
curves  show t h a t  p o r t i o n  of t h e  c r o s s  s e c t i o n  a r i s i n g  
from each s p i n  p r o j e c t i o n .  Beyond 60°, s c a t t e r i n g  of 
m = l  deu te rons  exceeds t h e  o t h e r  s p i n  p r o j e c t i o n s  by 
about  an  o rde r  of magnitude. These m = l  deu te rons  may 
be a s soc i a t ed  w i th  s p i n  up deuterons  i n  t h e  beam, and 
t h e i r  dominance a t  back ang l e s  l e a d s  t o  extreme va lue s  
of t h e  ana lyz ing  powers. This  is b e s t  demonstrated i n  
Ca r t e s i an  n o t a t  ion7 by t h e  ana lyz ing  powers 
which a r e  expressed i n  terms of t h e  p a r t i a l  c r o s s  
s e c t i o n s  shown i n  Fig.  2. The dominance of m = l  
deu te rons  r e s u l t s  i n  back ang l e  va lue s  of A and A 
Y YY 
near  u n i t y .  
P l ans  a r e  i n  progress  t o  extend e l a s t i c  s c a t t e r i n g  
5 8 
measurements on N i  a t  80 YeV t o  120'. T e s t s  w i th  t h e  
QDDM spec t rograph  gave u s e f u l  s p e c t r a  t o  110'. A 150 
2 58 
mg/cm N i  t a r g e t  was used,  viewed i n  t ransmiss ion .  
Widely spaced measurements of t h e  d i f f e r e n t i a l  c r o s s  
s e c t i o n  and t h e  ana lyz ing  powers A and A were made 
Y YY 
from 50' t o  go0, and a r e  shown i n  Fig.  3 .  Informat ion  
+ 
on t h e  f i r s t  exc i t ed  (2  a t  1.45 MeV) s t a t e  was ob ta ined  
simultaneously.  The e l a s t i c  c r o s s  s e c t i o n  f a l l s  r a p i d l y  
w i th  angle ,  and t h e  ana lyz ing  powers become l a r g e .  
Absolute c a l i b r a t i o n  of t h e  beam p o l a r i z a t i o n  is un- 
c e r t a i n  a t  p r e s e n t ,  and an  e r r o r  of 0.02 ha s  been in- 
d i ca t ed  t o  cover sys temat ic  r e l a t i v e  e r r o r s  from t h i s  
unce r t a in ty .  The gene ra l  f e a t u r e s  of t h e  i n e l a s t i c  
t r a n s i t i o n  a r e  t h e  same a s  t h e  e l a s t i c ,  i n d i c a t i n g  t h a t  
sp in -o rb i t  e f f e c t s  dominate, even i n  t h e  presence  of 
angular  momentum t r a n s f e r .  Measurements i n  smal le r  
s t e p s  a r e  planned, inc lud ing  A a t  forward angles .  
YY 
Because of t h e  l a r g e  e f f e c t s  of t h e  sp in -o rb i t  p o t e n t i a l  
on t h e  ana lyz ing  powers, a  d e t a i l e d  i n v e s t i g a t i o n  of 
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Figure 3. Measurements of the 
cross section, and vector 
and tensor anaZyzing powers 
for 80 MeV deuterons scattering 
from 58~i .  + Elastic and in- 
elast ic  (2 , 1.45 MeV) transi- 
tions are shmn. The curves 
are a guide t o  the eye. 
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